Accumulating evidence suggests that abnormalities in neural circuitry and timing associated with the cerebellum may play a role in the pathophysiology of schizophrenia. Schizotypal personality disorder (SPD) may be genetically linked to schizophrenia, but individuals with SPD are freer from potential research confounds and may therefore offer insight into psychophysiological correlates of schizophrenia. The present study employed a delay eyeblink conditioning (EBC) procedure to examine cerebellar-dependent learning in schizophrenia, SPD, and healthy control subjects (n 5 18 per group) who were matched for age and gender. The conditioned stimulus was a 400-ms tone that coterminated with a 50 ms unconditioned stimulus air puff. Cognitive performance on the Picture Completion, Digit Symbol Coding, Similarities, and Digit Span subscales of the Wechsler Adult Intelligence Scale-Third Edition was also investigated. The schizophrenia and SPD groups demonstrated robust EBC impairment relative to the control subjects; they had significantly fewer conditioned responses (CRs), as well as smaller CR amplitudes. Schizophrenia subjects showed cognitive impairment across subscales compared with SPD and control subjects; SPD subjects showed intermediate performance to schizophrenia and control subjects and performed significantly worse than controls on Picture Completion. Impaired EBC was significantly related to decreased processing speed inschizophreniaspectrumsubjects.Thesefindingssupportthe role of altered cortico-cerebellar-thalamic-cortical circuitry in the pathophysiology of schizophrenia spectrum disorders.
Introduction
The clinical presentation of schizophrenia is widely understood to be heterogeneous in nature, consisting of positive (eg, hallucinations and delusions), negative (eg, blunted affect), cognitive (eg, impaired memory and executive function), and motor symptoms that vary from patient to patient. Although research into the biological basis of the disorder has made great progress in recent decades, much remains to be understood about the neural substrates that underlie its diverse presentation. One influential theory posits an important role for the cerebellum in schizophrenia through the cortico-cerebellar-thalamic-cortical (CCTC) circuit. In the ''cognitive dysmetria'' hypothesis of schizophrenia, disrupted cerebellar function within this circuit is thought to contribute to impaired coordinated processing of sensorimotor and cognitive information and consequently the broader symptoms of schizophrenia. 1 Although the cerebellum has been traditionally viewed as responsible for coordination in motor function, compelling evidence suggests that it plays a role in broader psychological function including cognition. Patients with localized cerebellar lesions display a constellation of nonmotor deficits, including impaired attention, language, and executive function, [2] [3] [4] and healthy subjects show cerebellar activation during cognitive activity. 1 Indeed, a review of 275 functional imaging studies concluded that of the subcortical structures commonly investigated, only the cerebellum was consistently activated across various cognitive processes. 5 This is consistent with findings of distinct cerebellar output channels that project through the thalamus not only to the primary motor and ventral premotor cortices but also to the areas of the prefrontal cortex involved in cognition. 6, 7 Thus, converging evidence suggests that the cerebellum may contribute to broader psychological function through the CCTC circuit.
Emerging evidence also suggests an important role for the cerebellum in the pathophysiology of schizophrenia. Abnormalities have been found at structural, cellular, and functional levels and correlate with clinical measures. Postmortem and imaging studies found reduced volume of the cerebellar vermis and lobules in chronic, [8] [9] [10] [11] neuroleptic-naive, 12 and childhood-onset schizophrenia, 13 as well as reduced bilateral hemispheric volume in first-episode schizophrenia, 14 although not all studies reported reduced cerebellar volume. 15, 16 Postmortem studies also reported reduced size and density of Purkinje cells in schizophrenia. [17] [18] [19] In addition, functional imaging studies reported abnormal cerebellar blood flow at rest [20] [21] [22] [23] and during activation for cognitive tasks. [24] [25] [26] Finally, cerebellar abnormalities correlated with clinical symptoms, cognitive deficits, and outcome measures in schizophrenia. 9, 12, [27] [28] [29] Thus, multiple lines of evidence indicate cerebellar pathology in schizophrenia.
Despite accumulating evidence for cerebellar abnormalities in schizophrenia, relatively few studies have assessed the functional integrity of the cerebellum in schizophrenia. Delay eyeblink conditioning (EBC) provides a well-validated method to investigate cerebellar function. In EBC, a conditioned stimulus (CS; ie, a tone) becomes associated with an unconditioned stimulus (US; ie, an airpuff). Subjects demonstrate learning when an eyeblink [the conditioned response (CR)] occurs prior to the onset of the US. The neural circuits that underlie delay EBC-where onset of the CS precedes that of the US, but the CS and US coterminate-have been well characterized, and extensive evidence indicates that the cerebellum is essential to both the development and the manifestation of the eyeblink CR. 30, 31 Specifically, information regarding the CS and US is conveyed to the cerebellar cortex and interpositus nucleus via mossy and climbing fibers, respectively. Learning-related activity in the anterior interpositus is thought to drive the somatic CR, whereas cerebellar cortex activity is thought to alter the gain (eg, blink magnitude) and timing of the interpositus' activity. 31 EBC therefore presents a useful method to assess the functional integrity of the cerebellum and related brain stem circuits.
Studies of EBC in schizophrenia, however, have yielded inconsistent findings. Some found impaired EBC in schizophrenia patients relative to healthy control subjects, [32] [33] [34] whereas others found facilitated conditioning (to auditory CSs, 35 to visual CSs 36 ) or no difference between patients and controls. 37 A recent review 38 argued that these inconsistencies may result from differences in medication status; however, differences in testing parameters and methodological issues may be more likely explanations. For example, at least 1 study reported increased spontaneous blink rates in schizophrenia patients, 36 which can artificially inflate CR estimates, and Sears et al 35 did not address this possibility in their report of facilitated EBC in schizophrenia, despite increased CRs in patients within the first trials of the conditioning session. Small sample sizes 37 and unreliable diagnostic criteria predating Diagnostic and Statistical Manual of Mental Disorders, Third Edition 36 are additional issues. Importantly, the largest study to date on EBC in schizophrenia (n = 62 per group) found robust EBC deficits in schizophrenia patients compared with controls, including in a subgroup of 12 patients who were unmedicated at time of testing. 39 However, as chronic psychotropic medication may have lasting neural effects, further studies are necessary to confirm EBC impairment in schizophrenia and to rule out possible contributions of other illness-related confounds.
Schizotypal personality disorder (SPD) is phenomenologically and genetically related to schizophrenia and is considered part of the schizophrenia spectrum. 40 SPD is characterized by positive and negative symptoms, such as perceptual distortions, magical thinking, and social deficits, as well as cognitive deficits, such as impaired working memory and verbal learning. 41, 42 Family and adoption studies indicate a genetic basis for SPD, with increased prevalence of schizotypal personality features in relatives of individuals with schizophrenia. 43, 44 Furthermore, individuals with SPD show psychophysiological abnormalities similar to those in schizophrenia, including reduced prepulse inhibition, 45 smooth pursuit eye movement deficits, 46 and event-related potential abnormalities. 47 However, whereas chronic schizophrenia is associated with severe impairment across a broad variety of domains, impairments in SPD are milder and less pervasive. Individuals with SPD are therefore less affected by potential confounding effects of overt psychosis, chronic medication, and prolonged functional impairment and, accordingly, offer a unique and powerful strategy for clarifying biobehavioral abnormalities within schizophrenia spectrum disorders.
We investigated delay EBC in individuals diagnosed with SPD and schizophrenia and in healthy control subjects. To our knowledge, this is the first study to investigate EBC in SPD. Cognitive function was also investigated using 4 subscales of the Wechsler Adult Intelligence ScaleThird Edition (WAIS-III). The primary hypothesis was that schizophrenia and schizotypal subjects would show impaired EBC. A secondary hypothesis was that deficits in EBC would be associated with impaired cognitive performance.
Methods

Participants
Three groups of 18 age-matched subjects (8 women per group) participated in the current study: schizophrenia patients, individuals with SPD, and nonpsychiatric healthy controls. Inclusion criteria for all subjects were completion of grade school, normal or corrected hearing and vision, no history of significant head injury or cardiovascular or neurological disease, and no current alcohol or drug dependence.
Schizophrenia Subjects (N = 18). Patients with schizophrenia were recruited from local inpatient and outpatient services. Diagnostic status was determined using the Structured Clinical Interview for Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV) Axis I Disorders (SCID-I) sections for mood, psychotic, and substance abuse disorders and chart review where available.
Schizotypal Subjects (N = 18). Schizotypal subjects responded to newspaper advertisements for individuals with special abilities such as extrasensory perception, sixth sense, perception of auras, or clairvoyance. Diagnostic status was determined using the above noted sections of the SCID-I, as well as the Structured Clinical Interview for DSM-IV Axis II Disorders(SCID-II)forClusterApersonalitydisordersand antisocial personality disorder. One schizotypal subject reported a first-degree relative with schizophrenia.
Control Subjects (N = 18). Control subjects were recruited through newspaper advertisements. Diagnostics status was determined using the sections of the SCID-I and SCID-II noted above. Control subjects were additionally screened and negative for history of schizophrenia in first-degree relatives.
Seventeen subjects in each group completed the Picture Completion, Digit Symbol Coding, Similarities, and Digit Span subscales of the WAIS-III to represent each of the Perceptual Organization, Processing Speed, Verbal Comprehension, and Working Memory Indices, respectively. 48 A subgroup of schizophrenia (n = 13) and schizotypal subjects (n = 16) also completed the Trail Making Test A. 49 EBC data from the schizophrenia subjects and 15 control subjects have been previously reported as part of a larger study 39 (Author's note: We examined the effect of removing these schizophrenia subjects and their age-matched controls from our previously published data set to ensure that the patients used in the current study were not, by chance, particularly impaired. The remaining schizophrenia subjects showed the same deficit in percent CRs relative to control subjects). Study procedures were approved by the Indiana University's Human Subjects Institutional Review Board, and written informed consent was obtained from all subjects.
As expected given the age-matching procedure, schizophrenia (M = 37.67, SD = 9.43), schizotypal (M = 38.06, SD = 9.87), and control (M = 37.89, SD = 9.85) subjects did not differ in age, F(2,51) = 0.007, P = ns. Three schizophrenia subjects were off psychotropic medication at time of testing. Of the remaining schizophrenia subjects, 14 were on antipsychotics, 6 were on antidepressants, 2 were on mood stabilizers, 3 were on anticholinergic drugs, and 1 was on a benzodiazepine. Three schizotypal subjects were taking antidepressants; the remaining schizotypal subjects and all control subjects were free of psychotropic medication.
EBC Procedure
Participants completed a single-cue tone delay EBC task following previously published procedures. 32, 39 The CS was a 400 ms, 1000 Hz (80 dB sound pressure level) tone, which, on paired trials, coterminated with a 50 ms air puff, the US. Subjects were presented with 8 US-alone trials (intertrial interval = 15 s), followed by 10 blocks of conditioning trials (mean intertrial interval = 15 s; range = 10-20 s). Each trial block consisted of 9 CS/US paired trials and 1 CS-alone trial. To maintain the participants' attention throughout the experiment, neutral photographs selected from the International Affective Picture System 50 were presented (2-s duration) between each trial and participants rated the pleasantness of the images by pressing a response pad button. Participants were observed via a closed circuit monitor to ensure that their eyes remained open. The experiment was briefly suspended if signs of fatigue were observed so that the examiner could interact with the participant.
Procedure
Bipolar electromyographic (EMG) electrodes (4 mm Ag/ Ag-Cl), placed directly below the left eye and centered below the pupil, 1 cm from the eyelid and 1 cm apart were used to record eyeblinks from the orbicularis palpebrarum muscle. A ground electrode was placed on the forehead. The left eye was presented with a US air puff (50 ms, 10 lb psi at source) delivered from an air regulator, through 120$ of plastic tubing, to 1/16$ copper tubing fused on the rim of lensless glasses such that the air was released 1 cm from the inner canthus. The CS tone was delivered via ear inserts (E-A-RLINKAearo Company Auditory Systems). EMG recordings were made continuously (2.5 KHz A/D rate; high-pass filter = 1 Hz; low-pass filter = 500 Hz; gain = 1000) throughout the experiment and stored offline.
Data Analysis
Continuous data files for each subject were divided into 1086 ms epochs starting 500 ms prior to CS onset. After a 10 Hz (6 dB/octave) high-pass filter was applied, the data were rectified and smoothed using a 41-point Gaussian-weighted moving average. Data were entered into DataMunch, a Matlab program written for EBC data analysis (D. A. T. King, Ph.D., and J. Tracy, Ph.D., unpublished data) for further analysis. Alpha responses, which are reflexive nonassociative orienting EMG responses to the tone CS, were assessed between 25 and 100 ms after CS onset. On a subject-by-subject and trialby-trial basis, responses were recorded as blinks if the amplitude exceeded 5 SD above baseline (baseline window for each trial = 125 ms prior to CS onset). CRs were recorded if the blink occurred between 100 and 350 ms after CS onset, which corresponded to a period beginning 250 ms before US onset. CR peak latency was calculated as the time to maximal value of the CR. Trials in which spontaneous blinks occurred between 75 ms before and 25 ms after CS onset were designated ''bad trials'' and excluded from further analysis because they occurred too early to be considered tone or conditioning related and could interfere with the subsequent execution of a CR. However, as number of bad trials is also an index of spontaneous blink rate, it is important to determine if group differences exist on this measure; one-way ANOVA revealed no group difference, F(2,51) = 0.20, P = ns.
EBC variables were assessed using 3 (Group)
. 51 To further elucidate the effects of medication, ANOVA were rerun on the 15 unmedicated schizotypal subjects and their age-matched controls for CR variables.
Outlier analyses were conducted for all neuropsychological tests and revealed no extreme outliers in any group on any measure as indicated by the SPSS statistical package. A 3 (Group) 3 4 (Subscale) MANOVA was used to assess group differences in scaled WAIS scores, followed by tests of simple effects and LSD post hoc tests. Bivariate correlation analyses were conducted for schizophrenia spectrum subjects grouped together, and control subjects separately, to investigate the relationship between average percent CRs and WAIS scores. To account for the potential contribution of motor speed to the relationship between EBC and Digit Symbol performance in schizophrenia spectrum subjects, Trails A time was used to control for graphomotor speed in a subsequent partial correlational analysis. 52 An alpha level of 0.05 was used to determine significance for all statistical analyses.
Results
Conditioned Responses
Percent CRs. Although all groups showed learning as evidenced by increased percent CRs across successive trial blocks, schizophrenia and schizotypal subjects demonstrated poorer conditioning performance relative to control subjects (figure 1). Thus, there were significant effects of Block, F(9,459) = 16.03, P < .001, g Pp 2 = 0.24, and Group, F(2,51) = 7.29 P = .002, g 2 p = 0.22, with control subjects showing greater CRs than schizophrenia, P = .001, and schizotypal subjects, P = .02, as well as a significant Group 3 Block interaction, F(18,459) = 1.81, P = .02, g 2 p = 0.07. Follow-up one-way ANOVA revealed significant group effects on blocks 4 through 10. Control subjects showed greater CRs compared with schizophrenia subjects on blocks 4, 6, and 8 and to schizophrenia and schizotypal subjects on blocks 5, 7, 9, and 10.
CR Peak Latency. As learning occurs over the conditioning session, timing of the CR should shift to better anticipate the onset of the air puff; ie, CRs that occur shortly after CS onset are less adaptive than those that occur just prior to US onset. All groups showed learning as evidenced by an overall shift toward later CR peak latencies. Thus, there was a significant main effect of Block, F(9,459) = 5.52, P < .001, g 2 p = 0.10. Schizophrenia and schizotypal subjects appeared to show shorter, or less adaptive, CR latencies than controls (figure 2); however, this only reached a trend level of significance, F(2,51) = 2.89, P = .07, g CR Amplitude. Overall, CR amplitude increased across the experiment; however, schizophrenia and schizotypal subjects demonstrated smaller CRs relative to controls, particularly on later trials ( figure 3 ). There was a significant main effect of Block, F(9,459) = 8.76, P < .001, g 2 p = 0.07, but not Group, F(2,51) = 2.23, P = ns; however, there was a significant Group 3 Block interaction, F(18,459) = 1.96, P = .03, g 2 p = 0.07. Follow-up oneway ANOVA revealed significant Group effects for blocks 7 and 9. Control subjects showed larger CR amplitude compared with schizophrenia subjects on block 9 and to schizophrenia and schizotypal subjects on block 7.
Unconditioned Responses
Unconditioned Response Peak Amplitude. Unconditioned response (UR) amplitude decreased for all groups as the experiment progressed as evidenced by a significant effect of Block, F(9,459) = 16.90, P < .001, g 2 p = 0.24. There was also a significant Group effect, F(2,51) = 3.72, P = .03, g 2 p = 0.13. Follow-up analyses revealed that schizophrenia subjects had larger UR responses than schizotypal, P = .02, and control subjects, P = .03. There was no Group 3 Block interaction, F(18,459) = 1.78, P = ns (figure 4). UR Peak Latency. Groups did not significantly differ on UR peak latency, F(2,51) = 3.07, P = ns. There was no effect of Block, F(9,459) = 1.45, P = ns, nor Group 3 Block interaction, F(18,459) = 1.17, P = ns (figure 5).
CRs in Unmedicated Schizotypal Participants
Comparisons of unmedicated schizotypal subjects to matched controls on CR variables yielded a similar pattern of results. With reduced group sizes, schizotypal subjects showed significantly fewer percent CRs, F(1,28) = 4.70, P = .04, g 2 p = 0.14, nonsignificantly earlier CR peak latencies, F(1,28) = 1.58, P = .22, g 
WAIS Subscale Performance
Schizophrenia subjects were impaired across the 4 WAIS subscales relative to controls; schizotypal subjects demonstrated intermediate performance ( figure 5 ). Thus, there was an overall Group effect, = 4.63, P < .001, g 2 p = 0.29, that was significant on follow-up tests for each subscale. Post hoc analyses revealed that schizophrenia subjects demonstrated significantly lower scores than controls across subscales and compared with schizotypal subjects on the Digit Symbol Coding, Picture Completion, and Digit Span subscales (Ps < .05). Schizotypal subjects demonstrated significantly lower scores than controls only on Picture Completion, P = .01.
Correlations
Bivariate correlation analyses for percent CRs and WAIS scores were conducted for schizophrenia and schizotypal subjects combined and controls separate, following evidence of reduced CRs in schizophrenia and schizotypal subjects relative to controls. This was done in order to avoid results that could be artifacts of schizophrenia spectrum subjects and controls being differentially distributed on these measures. There was a significant positive relationship between average percent CRs and Digit Symbol score for the schizophrenia spectrum group, r(35) = .43, P = .01 ( figure 6) ; no other correlations were significant. This relationship between percent CRs and Digit Symbol score in the schizophrenia spectrum group remained significant after controlling for graphomotor speed using Trails A time, r = .37, P < .05. Exploratory analyses showed a significant positive relationship between percent CRs and Digit Symbol score for the schizophrenia group alone, r(17) = .58, P = .01. This relationship was not significant for SPD subjects alone, r(18) = .25, P = .32; however, the nature of the relationship held for both groups suggesting that this may be due to a loss of statistical power.
Discussion
The present study examined the functional integrity of the cerebellum in patients with schizophrenia and SPD using delay EBC methodology. The main finding was that schizophrenia and schizotypal subjects demonstrated impaired EBC as evidenced by a significant reduction in CRs compared with nonpsychiatric controls. In addition, schizophrenia and schizotypal subjects showed reduced CR amplitude and a trend toward earlier or less adaptively timed CRs. Schizophrenia subjects also performed worse than controls on tests of cognitive function; schizotypal subjects were intermediate, performing significantly better than schizophrenia subjects on Picture Completion, Digit Span, and Digit Symbol Coding, and significantly worse than control subjects on Picture Completion. Poorer EBC was associated with decreased processing speed in the combined schizophrenia spectrum group.
Multiple observations suggest that the current EBC impairment was not due to preexisting deficits in general motor or sensory processes. First, schizophrenia and schizotypal subjects exhibited similar CR rates as controls during early trial blocks; second, groups did not differ on an index of spontaneous blink rate; and third, schizotypal and control subjects did not differ in UR characteristics. Group differences therefore appear to reflect a failure of schizophrenia and schizotypal subjects to show the same robust increase in CRs as controls with successive CS-US pairings rather than deficits in motor or sensory function.
The current EBC impairment is consistent with previous studies showing impaired EBC in chronic 32, 33, 39 and unmedicated 39 schizophrenia patients during delay EBC and in chronic schizophrenia patients during a related conditional discrimination EBC paradigm. 34 Numerous studies show that individuals with SPD exhibit psychophysiological abnormalities similar to those in schizophrenia, including impaired prepulse inhibition and P50 gating and reduced P300 amplitude. 40 To our knowledge, this is the first investigation of EBC as a potential psychophysiological marker for schizophrenia using schizotypal subjects. However, our finding of impaired EBC in SPD is consistent with increased incidence of motor abnormalities, which were also linked to cerebellar dysfunction, 53, 54 in schizophrenia spectrum individuals, 54 and in psychometrically 53, 55 and interview identified schizotypy. 56 Thus, similar EBC impairment in schizophrenia and schizotypal subjects in the current study provides strong support for EBC impairment as a psychophysiological marker for schizophrenia that is related to core pathophysiological processes rather than to artifacts of overt psychosis, chronic medication, or functional impairment.
The neural mechanisms that underlie impaired EBC in schizophrenia may relate to aberrant functional connectivity in cerebellar microcircuitry. The cerebellum is a uniquely powerful information processing center that receives widespread input from the spinal cord, brain stem, and diverse regions of the cerebral cortex. 57, 58 Incoming information to the cerebellum arrives via climbing fibers that synapse with the deep nuclei and Purkinje cells and mossy fibers that synapse with the deep nuclei and granule cells. As the primary output neurons of the cerebellar cortex, Purkinje cells branch extensively in the molecular layer of the cortex to form synapses with granule cell axons before sending their inhibitory output to the deep nuclei that project to the rest of the brain. Lesioning, neural recording, and genetic knock out model studies indicate that during delay EBC, information regarding the CS and US is carried into the cerebellum by the mossy and climbing fibers, respectively, and that the interpositus deep nucleus and Purkinje cells both receive convergent CS-US input. Subsequent changes in firing patterns of anterior interpositus neurons drive the conditioned eyeblink via projections to brain stem neurons and changes in Purkinje cells alter the gain and timing of the interpositus' activity. 31 Importantly, postmortem studies of schizophrenia patients revealed abnormalities at key junctions of this circuitry, including impaired GABAergic modulation of granule cells by Golgi interneurons, 59 reduced markers of granule cell synapses, 60, 61 and altered levels of key molecules regulating axonal guidance and synaptogenesis in the molecular layer where granule and Purkinje cells form synapses. 62 Consistent with this, granule 63 and Purkinje cells 64 appear to show aberrant output in schizophrenia. Additional research is needed to further characterize the nature and extent of cerebellar abnormalities in schizophrenia spectrum disorders; however, aberrant connectivity at key junctions of cerebellar microcircuitry is a compelling mechanism for impaired cerebellar plasticity and may therefore contribute to the current finding of impaired EBC in schizophrenia and schizotypal subjects. Conversely, EBC may be a powerful assay of dysfunction at these key junctions in cerebellar circuitry in schizophrenia spectrum disorders.
In light of the ''cognitive dysmetria'' hypothesis of schizophrenia, it is interesting that impaired functional integrity of the cerebellum (as measured by EBC) was significantly related to Digit Symbol Coding performance in schizophrenia spectrum subjects, even after controlling for motor speed. Digit Symbol Coding is a putative measure of processing speed that requires the fluid coordination of multiple sensory, motor, and cognitive processes. 65 It is possible that the rapid coordination required for successful performance may be particularly sensitive to disruptions in the CCTC circuit, consistent with findings of impaired Digit Symbol Coding in patients with frontal and cerebellar lesions. 66 In schizophrenia, impaired Digit Symbol Coding yields the largest effect size of commonly investigated cognitive tests and relates significantly to illness risk, severity, and outcome. 67 Although further research is needed to elucidate mechanisms by which cerebellar dysfunction may relate to cognitive dysfunction in schizophrenia, this provides intriguing evidence for broader consequences of cerebellar abnormalities in the clinical presentation of schizophrenia.
There are some general limitations to the current study that should be noted. The group sample sizes were relatively small, although not unusual for initial biobehavioral studies using intermediate phenotype groups. As a result, we did not assess illness severity variables (eg, age of symptom onset, comorbidity issues, etc) and could not directly investigate medication effects on EBC performance. Future studies should examine EBC in larger samples of schizophrenia and schizotypal subjects to allow for more systematic study of these variables on EBC performance.
To our knowledge, this is the first study to demonstrate EBC impairment in individuals with SPD. Additional studies with schizophrenia patients and other spectrum populations such as first-degree relatives and high-risk or prodromal individuals are necessary to substantiate the role of EBC impairment as a potential biomarker in schizophrenia; however, the present results suggest that medication status and other effects related to chronic psychotic illness do not account for EBC impairment in schizophrenia. Imaging and translational animal studies would also be useful to better characterize the specific contributions of cerebellar dysfunction to EBC and broader impairment in schizophrenia. Nevertheless, the current results support the role of cerebellar dysfunction in the pathophysiology of schizophrenia and underscore the importance of additional studies to further elucidate the nature and consequences of CCTC circuit abnormalities in schizophrenia. 
